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Structures available in Protein Data Bank (PDB): 
•  HRAS: 120 structures 

•  KRAS: 36 structures 

•  NRAS: 1 structure 

KRAS bound to GTP analog 
PDB code: 3GFT 

Challenges to targeting RAS cancers 
•  No structure of KRAS mutants with any effector or regulator.  

•  No structural insights about how RAS activates Raf kinase. 

•  No structural information on full-length processed RAS. 

•  No structural information on full-length Raf – free or in complex with RAS. 



Dr Eric Collisson, TCGA 

Frequent loss of Neurofibromin in  
lung adenocarcinoma 



Neurofibromatosis	
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  (NF1)	
  
• 	
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Multiple café-au-lait macules  Axillary freckling  

Macrocephaly 
Noonan-like dysmorphy 
Learning disabilities / ADHD   
developmental delays 

EVH domain: 'ENA/VASP Homology proteins'  
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Pathogenic mutations in SPRED1 in Legius syndrome 
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-­‐KRAS	
  G12V,	
  G12C:	
  worse	
  clinical	
  outcome	
  than	
  G12D	
  
	
  (Al-­‐Mulla	
  et	
  al;	
  Andreyev	
  et	
  al;	
  Vega	
  et	
  al;	
  Keohavong	
  et	
  al)	
  

	
  
-­‐KRAS	
  G12D:	
  	
  elevated	
  PI	
  3’	
  kinase,	
  MAPK	
  signaling	
  
	
  
-­‐KRAS	
  G12C,	
  G12V:	
  elevated	
  RalGDS	
  signaling	
  

	
  (Ihle	
  et	
  al,	
  2012)	
  
	
  
-­‐KRAS	
  G13D:	
  respond	
  to	
  Cetuximab:	
  G12	
  mutants	
  do	
  not….	
  

	
  (de	
  Roock	
  et	
  al,	
  2010)	
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HRAS NRAS KRAS4A KRAS4B 

Rasless MEFs 
 
Drosten M, Dhawahir A, Sum EY, Urosevic J,  
Lechuga CG, Esteban LM, Castellano E,  
Guerra C, Santos E, Barbacid M. 
EMBO J. 2010 
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The Ras pathway, circa 1991 
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RAF	
  inhibitors	
  ac)vate	
  RAF	
  in	
  	
  
cells	
  with	
  mutant	
  KRAS! 

Neal Rosen et al 
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Up-­‐regulaVon	
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Mirzoeva OK, Das D, Heiser LM, Bhattacharya S, Siwak D, Gendelman R, Bayani N, Wang NJ, Neve RM, Guan Y, Hu Z, 
Knight Z, Feiler HS, Gascard P, Parvin B, Spellman PT, Shokat KM, Wyrobek AJ, Bissell MJ, McCormick F, Kuo WL, Mills 
GB, Gray JW, Korn WM. 
Cancer Res. 2009 Jan 15;69(2):565-72. 
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Genes	
  up-­‐regulated	
  by	
  KRAS	
  (G12V)	
  	
  vs	
  HRAS	
  (G12V)	
  

 
Leukemia Inhibitory Factor  Maintains stem cell in undifferentiated state 



Notch 2     Key role in development 
 
C-Myc     Everything 
 
Twist 2     Promotes EMT, blocks differentiation 
 
Abcb1a     Multiple drug resistance 

Fzd 8     Drives non-canonical wnt signaling 
 
Gli2     Mediates sonic hedgehog signaling 

Genes	
  down-­‐regulated	
  by	
  KRAS	
  (G12V)	
  	
  vs	
  HRAS	
  (G12V)	
  





5,000  PANC2 subcutaneously injected in NUDE mice
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tumor	
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Ab treatment via IP injections given on Day 
0 of tumor inoculation 
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